Certain conjugative plasmids of Enterococcus faecalis transfer at high frequency in broth mating, at a frequency of 10 Ϫ3 to 10 Ϫ1 per donor cell within a few hours (8, 9, 13) . This transfer is related to the plasmid response to a specific peptide sex pheromone secreted by the potential recipient (8, 9, 13) . The sex pheromone induces the synthesis of an aggregation substance on the donor cell surface that facilitates the formation of a mating aggregate (8, 9, 13) . Of these plasmids, the pheromone-related conjugation systems of plasmids pAD1 (8, 9, 11, 21, 40, 48, 49, 58) , pCF10 (7, 14, 29, 30, 41) , and pPD1 (17, 18, 35, 51, 62) , which respond to the sex pheromones cAD1, cCF10, and cPD1, respectively, have been studied in detail. Determinants encoded on the pheromone-responsive plasmids include hemolysin, bacteriocin, drug resistance, and UV light resistance. The conjugative plasmid pAD1 encodes hemolysinbacteriocin (Hly-Bac) proteins mediated by the same genetic determinant (27) and a UV resistance gene (uvr) (6, 8, 22, 25, 28) and belongs to the incHly group (11, 22) . Hly-Bac is believed to contribute to virulence in the opportunistic pathogen (6, 8, 22, 25, 28) . Uvr contributes to the protection of E. faecalis strains carrying pAD1 against UV light or DNA damage. Of these two phenotypes, the mechanisms of Hly-Bac production and expression have been analyzed in detail (3, 19, 20, 24, 27, 44) . Most (over 90%) of the Hly-Bac plasmids identified from clinical isolates are identical, exhibit extensive homology to pAD1, respond to cAD1, and are classified as members of the incompatibility group incHly (12, 23) . pAD1 is representative of this group.
The UV resistance genes (uvr) or DNA damage-inducible genes have been analyzed in detail for Escherichia coli (34, 60) . These genes are included in the SOS regulatory system, are induced by a variety of agents that cause DNA damage, and function in DNA repair and mutagenesis of the bacterial chromosome (2, 34) . SOS-like DNA repair systems have been reported for other bacterial species (37, 43, 47, 52) . In grampositive bacteria, the SOS response is well conserved in Bacillus subtilis. The conjugative plasmid pAD1 conferred UV resistance function on an E. faecalis host. UV resistance activity is observed when the plasmid is introduced into E. faecalis UV202 (10, 61) . E. faecalis UV202 is a UV-sensitive derivative of E. faecalis JH2-2 and is deficient in recombination (61) . When pAD1 is introduced into E. faecalis UV202, it enhances the UV resistance of E. faecalis UV202 (10) . Tn917 insertion mutants of pAD1 show that the uvr determinants are located in the 28.2-to 28.6-kb region of the pAD1 map (10, 50) . In this report, we describe the cloning of the uvr determinant and the regulation of the uvr gene.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. The bacterial strains and plasmids used in this study are listed in Table 1 . E. faecalis strains were grown in ToddHewitt broth (THB) (Difco Laboratories, Detroit, Mich.) or N2GT broth (nutrient broth no. 2; Oxoid Ltd., London, England) supplemented with 0.2% glucose and 100 mM Tris-HCl (pH 7.5). N2GT broth was also used in the mating experiments. E. coli strains were grown in Luria-Bertani medium. Agar plates were prepared by adding 1.5% agar to broth media. All bacterial strains were grown at 37°C. Antibiotics were used at the indicated concentrations: ampicillin, 100 g/ml; erythromycin, 10 g/ml; chloramphenicol, 20 g/ml; fusidic acid, 25 g/ml; rifampin, 25 g/ml; tetracycline, 10 g/ml; streptomycin, 500 g/ml; kanamycin, 500 g/ml; gentamicin, 500 g/ml. Rifampin and fusidic acid were kindly provided by Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan, and LEO Pharmaceutical Products, Ballerup, Denmark, respectively. Streptomycin was provided by Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan, and Sankyo Pharmaceutical Co. Ltd., Tokyo, Japan.
Isolation and manipulation of plasmid DNA. Plasmid DNA was isolated by the alkaline lysis method (42) . Plasmid DNA was treated with restriction enzymes and submitted to agarose gel electrophoresis for analysis of DNA fragments, etc. Restriction enzymes were obtained from Nippon Gene (Toyama, Japan), New England Biolabs, Inc. (Beverly, Mass.), and Takara (Tokyo, Japan) and were used in accordance with the supplier's specifications. Agarose was obtained from Wako Chemicals, Osaka, Japan. Gels with a 0.8% agarose concentration were used for size determination of large DNA fragments (greater than 0.5 kb), and 1.2% agarose gels were used to determine the sizes of smaller fragments (less than 0.5 kb) (17) . A glass milk kit (Gene Clean II kit; Bio 101, Inc., La Jolla, Calif.) or low-melting-point agarose and ␤-agarase I (Nippon Gene) were used for the elution of the DNA fragments from agarose gels. The eluted fragments were ligated to dephosphorylated, restriction enzyme-digested vector DNA with T4 DNA ligase and were then introduced into E. coli by electrotransformation (16) . Transformants were selected on Luria-Bertani medium agar containing suitable antibiotics.
Transposon mutagenesis. Tn917 insertion mutants were generated as described previously (27) . Exponentially growing DS16 cells were exposed to erythromycin (0.5 g/ml) for 4 h. The cells were washed once with N2GT and mated with UV202 in N2GT broth for 4 h. Transconjugants were selected on THB agar plates containing erythromycin, rifampin, and fusidic acid. Of the erythromycinresistant transconjugants obtained, streptomycin-and kanamycin-sensitive transconjugants were selected to exclude transconjugants carrying pAD2, which confers resistance to erythromycin, streptomycin, and kanamycin. The isolated transconjugants were assumed to carry pAD1::Tn917 only. Forty microliters of plasmid-free UV202 and UV202(pAD1::Tn917) cultures was streaked onto welldried THB agar plates. After the liquid was adsorbed, the cells were irradiated with a germicidal lamp for 0, 3, 6, 9, 12, and 15 s by progressive movement of a piece of cardboard over the plate to reveal the streaks. Irradiation was carried out with a Panasonic GL-15 germicidal lamp at a distance of 30 cm. After overnight incubation at 37°C, the UV sensitivity was determined. Strains able to grow in the least irradiated area and which were as sensitive as plasmid-free UV202 were used for further study.
Survival curve with UV light. Five-milliliter aliquots of overnight culture in petri dishes (9 cm in diameter) were irradiated for various periods with UV light with a germicidal lamp at a distance of 30 cm. The amount of UV radiation used in the assay was 1.14 J/m 2 /s. The bacterial cultures were appropriately diluted and plated on THB agar plates, and the number of survivors was counted after overnight incubation at 37°C.
DNA sequence analysis. The nucleotide sequence of the uvr gene of pAD1 was determined from a series of nested deletion mutants with the ABI 373A automated DNA sequencer (Applied Biosystems, Perkin-Elmer, Foster City, Calif.). The nested deletion kit was purchased from Nippon Gene. The cloned plasmid DNAs were digested with SphI and BamHI and treated with exonuclease III for various periods of time. This treatment was followed by incubation with mung bean nuclease and then Klenow fragment and self-ligation with T4 DNA ligase.
Transformation of DH1 or DH5␣ with the ligation product was carried out by electroporation (16) . The M13 reverse dye primer and the Taq dye primer cycle sequencing core kit (Applied Biosystems, Perkin-Elmer) were used for sequencing of the uvr gene. The Taq Dye Deoxy Terminator Cycle sequencing kit (Applied Biosystems, Perkin-Elmer) and an 18-bp primer (TCCTAAACACTT AAGAGA) which annealed to a site 112 bp upstream of the Tn917 left end were used to map the Tn917 insertion point (45) . All sequencing reactions were performed according to the manufacturer's protocol.
Analysis of transcripts. The extraction of RNAs by two different methods was compared. RNAs were extracted either with the FastPrep FP120 Instrument of Bio 101 or by the method described below. The results of analysis of transcripts obtained by these two methods were not essentially different. Thus, we used the method described in this section throughout this work. RNAs were prepared according to the method described previously with some modifications (45, 49) . Overnight cultures of E. faecalis UV202 carrying the plasmids of interest were diluted to 10% in 30 ml of fresh N2GT medium, and the cells were grown for 3 h. Mitomycin C was then added to the cultures at a concentration of 2 g/ml to determine the effects of exposure. At certain points of the time course, chloramphenicol (200 g/ml) and sodium azide (20 mM) were added to stop cell growth. The cells were chilled on ice, harvested, and suspended in 2 ml of 25% sucrose in Tris-HCl (pH 8.0)-100 l of 20-mg/ml lysozyme. The cells were maintained on ice for 30 min, pelleted, and resuspended in 300 l of lysis buffer (20 mM Tris-HCl [pH 8.0], 3 mM EDTA, 200 mM NaCl). Then, 300 l of lysis solution (1% sodium dodecyl sulfate in lysis buffer) was added, and the mixture was incubated at 100°C for 2 min, with occasional mixing. Six hundred microliters of hot phenol saturated with lysis buffer (65°C) was added, and the mixture was kept at 65°C for 5 min with occasional inversion of the tube. After centrifugation, the aqueous phase was transferred to a new tube and extracted once with phenol-chloroform and then twice with ether. The RNA was precipitated by adding a 1/10 volume of 3 M sodium acetate and 2 volumes of ethanol at Ϫ80°C for 10 min and then centrifuged. The pellet was suspended in 100 l of DNase I buffer (100 mM sodium acetate, 5 mM MgCl 2 [pH 5.0]), and the DNA was digested with DNase I (RNase free; Boehringer Mannheim Biochemicals, GmbH)for 2 h at 37°C. The RNA was recovered by ethanol precipitation. The RNA species (135 g) were then separated by electrophoresis in a 1.4% agarose-MOPS [3-(N-morpholino)propanesulfonic acid]-formaldehyde system (1). Northern hybridization was carried out at 42°C in the presence of 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-50% formamide-50 mM sodium phosphate buffer (pH 7.0)-7% sodium dodecyl sulfate-2% blocking reagent-0.1% lauroylsarcosine-50 g of yeast total RNA per ml. The SalIHindIII fragment (1.1 kb), which is contained in the uvrA gene, was used as probe 1. The 219-bp PCR product of the sequence downstream of uvrA was used as probe 2. The EcoRI-NcoI fragment (306 bp) of pAM401, which is contained in vector pAM401, was used as probe 3. Each probe was labeled with digoxigenindUTP and used for Northern blot analysis. The corresponding transcript was detected by enzyme immunoassay (DIG DNA labeling and detection kit [nonradioactive] and PCR DIG probe synthesis kit; Boehringer Mannheim Biochemica).
PCR. The PCR was performed with a PCR DIG labeling kit (Boehringer Mannheim Biochemica) and a GeneAmp PCR System 9600 (Perkin-Elmer, Norwalk, Conn.) to make probes from the downstream region of uvrA for Northern blotting. The primers used are shown in Fig. 3 .
Nucleotide sequence accession number. The nucleotide sequence data reported in this article will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases with accession no. AB007844. (45, 54) from the nonconjugative pAD2 plasmid in E. faecalis DS16, by the procedure described in Materials and Methods. pAD1::Tn917 derivatives were examined for UV sensitivity as described in Materials and Methods. Twenty-one UV202 (pAD1::Tn917) derivatives exhibiting UV sensitivity were isolated from independent experiments. The locations of the Tn917 insertions were determined by EcoRI and SalI enzyme digestions of the plasmids as described previously (21, 27, 41) , and the precise location of Tn917 insertion was determined by DNA sequence analysis (see Fig. 3 ). The 21 insertions were mapped to two different positions: 9 of the 21 mutants were mapped to 28.2 kb and 12 of the 21 mutants were mapped to 28.6 kb of the pAD1 map.
The survival curves of E. faecalis UV202 carrying the pAD1::Tn917 derivatives were examined as described in Materials and Methods. pMG500 and pMG501 were used as typical UV-sensitive derivatives. The number of UV202 cells carrying pMG500 or pMG501 which survived was about 2 orders of magnitude lower than that of UV202 cells carrying the wild-type pAD1 (Fig. 1A) . These results indicated that insertions at 28.2 or 28.6 kb of the pAD1 map gave rise to altered UV resistance.
Cloning of the uvr determinant. The 28.2-and 28.6-kb positions of the pAD1 map were determined to lie within a 2.9-kb fragment between a KpnI site (27.7 kb of the pAD1 map) and an EcoRI site (30.6 kb of the pAD1 map) of EcoRI fragment B. This suggested that the EcoRI-KpnI (2.9-kb) fragment might encode the UV resistance determinant. The following experiments were carried out to clone the 2.9-kb KpnI-EcoRI fragment. pAM2011A is a pAD1 derivative containing a Tn917(Em)-lac insertion in the pAD1 EcoRI fragment B at approximately 17.8 kb of the pAD1 map in the traE gene (31, 57) . The pAD1 EcoRI B fragment contains the genes necessary for DNA replication (21, 57) . The miniplasmid pAM2011E, which consists of the entire EcoRI fragment B, has been previously constructed from pAM2011A (57). The miniplasmid pAM2011E was cloned into the EcoRI site of the vector pMW119 to construct pMW119::pAM2011E; this plasmid was designated pMG502. pAM2011E has one KpnI site located 2.9 kb from one of the fragment B EcoRI sites. pMW119 contains a KpnI site 18 bp from an EcoRI site. pMG502 DNA was digested with KpnI, and the digested DNA was cloned into the KpnI site of pMW119. Two clones (pMW119::KpnI fragment [2.984 kb]) which possessed the 2.984-kb insert in opposite orientations were obtained. The two clones were designated pMG503-1 and pMG504-1 (Fig. 2) . The clones contained the EcoRI-KpnI (2.972-kb) fragment originating from EcoRI fragment B plus the EcoRI-KpnI (18-bp) fragment originating from the pMW119 multicloning site.
pMG504-1 was digested with BamHI and was then cloned into the BamHI site of pAM401, which is an E. coli-Streptococcus shuttle vector (59) , and the resulting plasmid pAM401::pMG504-1 was designated pMG504. The E. faecalis UV202 strain was transformed by pMG504 (16) and was examined for UV resistance. As shown in Fig. 1B , UV202 (pMG504) showed the same level of UV resistance as UV202(pAD1) and UV202(pAM2011E). The number of UVresistant cells surviving UV exposure was about 2 orders of magnitude greater than those of the UV-sensitive strains UV202 and UV202 carrying the vector plasmid (Fig. 1B) . These results indicate that the 2.9-kbp KpnI-EcoRI fragment contained the entire UV resistance determinant encoded on pAD1.
DNA sequencing of UV resistance determinant region. pMG503-1 and pMG504-1 were used for DNA sequencing. The two clones were digested with BamHI and SphI and trimmed with a nuclease, as described in Materials and Methods for DNA sequencing analysis. The resulting constructs were sequenced as described in Materials and Methods. The result is shown in Fig. 3 . Computer analysis revealed the presence of three open reading frames (ORFs) in the 2.9-kbp region spanning map positions 27.7 to 30.6 kb of the clockwise orientation of the pAD1 (59.6-kb) map. Figure 3 shows the ORFs which had a consensus ribosome binding site in a region 20 bases upstream of the predicted start codon.
ORF1, which was designated uvrA, encoded a 442-aminoacid protein with a molecular mass of 49.6 kDa. The ATG start codon was preceded by a putative potential ribosome binding site (GAAGG) located 7 bp upstream. There was an apparent promoter sequence upstream of the start codon. Comparison of the deduced amino acid sequence of the uvrA protein showed 20% homology of the identical residues with the UmuC protein, which is encoded by an E. coli DNA damageinducible gene (Fig. 4) (34, 39, 60) . A palindromic sequence, 5Ј-GAACNGTTC-3Ј, was located between Ϫ35 and Ϫ10 bases of the promoter region. The palindromic sequence, 5Ј-GAAC NGTTC-3Ј, has been identified as the consensus sequence within the putative promoter region of the B. subtilis DNA damage-inducible genes (5).
ORF2, which was designated uvrB, encoded a 60-amino-acid protein with a molecular mass of 7.5 kDa. The ATG start codon was preceded by a putative potential ribosome binding site (GGAGA) located 5 bp upstream. There was an apparent promoter sequence (Ϫ10 and Ϫ35 region) upstream of the start codon. Comparison of the deduced amino acid sequence of uvrB did not show significant homology with any other reported protein.
ORF3 encoded a 74-amino-acid sequence with a molecular mass of 8.7 kDa. Comparison of the deduced amino acid sequence of ORF3 did not show any significant homology with any other reported protein.
Generation of deletion mutants and their UV resistance. The deletion mutants were generated from pMG503-1 with a nested deletion kit (Nippon Gene, Inc.). The deletion mutants pMG505-1, pMG506-1, and pMG507-1 possessed fragments between 30.5 and 27.7, between 29.5 kb and 27.7, and between 28.5 and 27.7 kb of the pAD1 map, respectively (Fig. 2) . The deletion mutant pMG505-1 possessed ORF1, ORF2, and a part of ORF3. pMG506-1 possessed ORF1, and pMG507-1 possessed a part of ORF1.
UV resistance was not expressed by any clone in E. coli DH1(recA), E. coli ME8412(umuC), or E. coli ME8386(umuC) (data not shown). Plasmids carrying each deletion mutant and the E. faecalis-E. coli shuttle vector pAM401 were constructed. Each clone was digested with EcoRI to cleave the EcoRI site of pMW119 and was then cloned into the EcoRI site of pAM401. Recombinants between pAM401 and each of the plasmids pMG505-1, pMG506-1, and pMG507-1 were designated pMG505, pMG506, and pMG507, respectively (Fig. 2) . The cloned DNA was introduced into E. faecalis UV202 by electrotransformation, and the transformants were examined for UV resistance. As shown in Fig. 1B , deletion mutants encoding ORF1 conferred UV resistance.
UV resistance of wild-type FA2-2 strain harboring pAD1 or pMG506. To examine whether pAD1 or the cloned UV resistance determinant enhances the UV resistance of wild-type E. faecalis FA2-2, the survival curves of E. faecalis FA2-2 carrying pAD1 or pMG506, which encodes the cloned UV resistance determinant, were plotted. The results are shown in Fig. 1C . The number of cells which survived decreased in a logarithmic fashion starting 30 s after UV irradiation (Fig. 1C) . The num- The vertical bars at the ends of the designated plasmid segments indicate the restriction sites used for construction; the absence of a bar indicates that the end was generated by a nested deletion. pMG504, pMG505, pMG506, or pMG507 is the recombinant plasmid between E. coli-E. faecalis shuttle vector pAM401 and pMG504-1, pMG505-1, pMG506-1, or pMG507-1, respectively.
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on February 21, 2013 by PENN STATE UNIV http://jb.asm.org/ ber of FA2-2 cells carrying pAD1 or pMG506 which survived was about 1.5 orders of magnitude greater than that of the plasmid-free FA2-2. The results indicated that the UV resistance determinant also enhances the UV resistance of wildtype E. faecalis FA2-2. Transcript analysis of the uvrA gene. DNA sequence analysis revealed that the potential promoter sequences were located upstream of the start codons of uvrA, uvrB, and uvrC. The uvrA transcript was analyzed in the deletion mutants by Northern hybridization. Probe 1, corresponding to a 1,144-bp sequence of uvrA, was used (Fig. 3) . The results of Northern analysis are shown in Fig. 5 . Probe 1 did not detect any significant amount of transcript from RNA isolated from UV202 carrying pMG504, which contained uvrA, uvrB, and uvrC (Fig.  5, lane 1) . One transcript with a length of 1.54 kb was detected in RNA isolated from UV202 carrying pMG505, which contained uvrA and uvrB (Fig. 5, lane 2) . Two transcripts of 1.54 and 2.14 kb in length were detected in RNA isolated from UV202 carrying pMG506, which contained uvrA (Fig. 5, lane 3) .
Inducible DNA repair systems are induced by DNA-damaging agents such as UV radiation, mitomycin C, and other tides used for Northern blot analyses are underlined with dashed lines (probe 1, probe 2, and probe 3). Dashed horizontal arrows show the PCR primer used for synthesis of probe 2. chemical agents. We examined whether the pMG504 uvrA determinant, which contains uvrA, uvrB, and uvrC, is expressed in response to mitomycin C. The results of Northern analysis after exposure to mitomycin C are shown in Fig. 6 . A transcript which hybridized to probe 1 and corresponded to the shorter RNA (1.54 kb) was detected 3 h after mitomycin C induction.
Two transcripts of different lengths were detected in UV202 carrying pMG506. These implied that the transcripts were initiated from the same promoter of uvrA and terminated at different regions downstream of uvrA. To determine whether the transcripts terminated at different points, two different probes were prepared for Northern blot analysis. One probe (probe 2) corresponded to a 219-bp fragment constructed from a 2,747-to 2,965-bp region of the downstream C-terminal region of uvrA. This fragment is included in pAD1 DNA (Fig.  3) . The other probe (probe 3) corresponded to a 306-bp fragment constructed from 2,991 to 3,297 bp of the downstream C-terminal region of uvrA, and this fragment is included in the vector DNA (Fig. 3) . The UV202 transcript carrying pMG506 was analyzed with the two probes by Northern hybridization. As shown in Fig. 7 , probe 2 hybridized to both the 1.54-and 2.14-kb transcripts (Fig. 7A ), but probe 3 did not detect the 1.54-kb transcript (Fig. 7B) . These indicated that the two transcripts terminated at different points.
DISCUSSION
Tn917 insertion mutants which had altered UV resistance were mapped to two different locations at 28.2 and 28.6 kb of the pAD1 map by DNA sequence analysis. The data were not consistent with a previous report that the Tn917 inserts of pAD1 UV-sensitive mutants are mapped approximately from 27.8 to 29 kb of the pAD1 map (50) . On the basis of the insertion mutagenesis, the 2.9-kb fragment which lies between 27.7 and 30.6 kb of the pAD1 map was cloned, and the cloned fragment conferred UV resistance activity. The uvr determinant consisted of three ORFs designated uvrA, uvrB, and uvrC, which were located between 28.0 and 29.3 kb, 30.1 and 30.3 kb, and 30.4 and 30.6 kb of the pAD1 map, respectively. uvrA, uvrB, and uvrC encoded proteins of 442, 60, and 74 amino acids, respectively. The deletion mutant pMG506, which contained only uvrA, expressed uvr in E. faecalis UV202. The Tn917 inserts of pAD1 UV-sensitive mutants were mapped to uvrA. These indicated that uvrA was a structural gene for uvr encoded on the pAD1. pAD1 and the cloned uvrA also enhanced the UV resistance of wild-type E. faecalis FA2-2, indicating that the uvr determinant of pAD1 generally confers enhanced UV resistance on E. faecalis.
Two uvrA transcripts of different sizes, which hybridized to a probe corresponding to an 1,144-bp sequence in the uvrA gene, were detected in UV202 carrying pMG506. The molecular size of one transcript was 1.54 kb, and that of the other was 2.14 kb. One potential promoter sequence was identified upstream of the start codon of the uvrA gene. However, the reported terminator was not identified downstream of the uvrA gene. The uvrA gene transcript could be initiated at a transcription start site upstream of uvrA and could be terminated at two different points downstream of uvrA. Northern analysis with two probes corresponding to two different regions downstream of uvrA indicated that the transcripts terminated at two different points downstream of uvrA. The 1.54-kb uvrA transcript was detected in UV202 carrying pMG505, which contains uvrA and uvrB; however, the 2.14-kb transcript was not detected in these cells. The result suggests that the uvrB product terminates transcription at 1.54 kb from the uvrA promoter region. The uvrA transcript was not detected in any significant amount in UV202 carrying pMG504, which contains uvrA, uvrB, and uvrC; however, the 1.54-kb transcript was detected in the strain exposed to mitomycin C. 6 . Induction of transcription of the uvrA gene by mitomycin C. E. faecalis UV202 carrying pMG504, which contained uvrA, uvrB, and uvrC, was exposed to mitomycin C as described in Materials and Methods. Transcript of the strain was examined at 1, 2, and 3 h after mitomycin C exposure. The experimental procedure for Northern blot analysis was similar to that described for These results indicate that the uvrC product represses the expression of the uvrA gene and that this negative regulation is derepressed by DNA-damaging agents.
The regulatory mechanism of the inducible DNA repair systems has been extensively characterized in the SOS regulatory system of E. coli (34) . The SOS system comprises about 20 unlinked genes. umuDC is a dicistronic operon which encodes the structural genes for mutagenic repair. The mucAB operon is a plasmid-borne analog of the umuDC operon (15, 38, 39) . lexA and recA are regulatory genes which encode the repressor and activator of the SOS gene transcripts, respectively (4, 36, 46) . The genes are coordinately induced by a variety of DNAdamaging agents (55, 56) . The SOS response is highly conserved in B. subtilis (5, 32, 33) . However, in contrast to E. coli, little is known about the regulation of the SOS-like system in gram-positive bacteria. The deduced amino acid sequence of the uvrA-encoded protein has 20% homology with that of the umuC-encoded protein of E. coli (33, 39, 60) . A palindromic sequence, GAACNGTTC, was identified within the uvrA promoter region. This palindromic sequence, which is located between Ϫ35 and Ϫ10 bases of the promoter region, may function as an operator site to regulate expression of the uvrA gene. The palindromic sequence GAACNGTTC has been identified as a consensus sequence in the promoter regions of the din genes, which are B. subtilis DNA damage-inducible genes (32) , and functions as an essential operator site for the regulation of the SOS system in B. subtilis (5) .
E. faecalis UV202 is a derivative of E. faecalis JH2-2 (61) and is UV sensitive and deficient in recombination (61) . The gene, which determines the UV sensitivity of E. faecalis UV202, is not yet understood. The UV resistance determinant of pAD1 enhances the UV resistance of UV202. This suggests that UV202 is a mutant deficient in one of the genes involved in the SOS-like system of E. faecalis. uvrA is a plasmid-borne, inducible structural gene which enhances the resistance of its E. faecalis host to the DNA-damaging agent UV light. As indicated above, the uvrA gene was regulated by the plasmid-borne uvrC product. The expression of uvrA was induced by DNAdamaging chemical agents, such as mitomycin C, and lack of uvrC gave rise to the derepression of uvrA. This indicated that uvrA was not regulated by an E. faecalis recA and lexA-like system similar to the SOS system but was regulated by uvrC. However, the palindromic sequence found in the promoter region was identical to the consensus sequence found in the promoter regions of the din genes. This implied that uvrA was originally a member of the SOS system and had developed a specific regulatory gene, uvrC, in the course of evolution.
The UV resistance determinants examined to date are associated with the hemolysin-bacteriocin determinant on pAD1-related plasmids (6, 10, 23, 28) . The hemolysin-bacteriocin protein is associated with virulence in animal models (6, 25, 28) . A significant number of E. faecalis clinical isolates produce hemolysin-bacteriocin (22, 26) . More than 50% of the E. faecalis clinical isolates studied carry transferable hemolysin-bacteriocin genes (22, 26) . More than 90% of these hemolysin-bacteriocin plasmids are identical to pAD1 (23) . Thus, pAD1 is a typical E. faecalis hemolysin-bacteriocin plasmid. The UV resistance determinant contributes to the protection of E. faecalis strains carrying pAD1-like plasmids against UV light or the damage of DNA. Together with hemolysin-bacteriocin and the aggregation substance, the UV resistance determinant may contribute to pathogenicity.
